Background Transplanting a vascularized autologous submandibular gland (SMG) is considered an effective method to treat severe keratoconjunctivitis sicca. But the operation may fail due to the anatomic variances in the blood vessels of SMG. The present study aimed to investigate the submandibular glands at the microanatomy level. Methods The microanatomy of blood vessels including arteries and veins of submandibular gland was investigated using 30 adult corpses and 60 submandibular glands were anatomized under a surgical microscope. The lengths and diameters of the arterial and venous glandular branches were measured using sliding caliper. Results The submandibular gland was mainly supplied by the facial artery and submental artery, partly by the lingual artery and external jugular artery. The venous drainage of the submandibualr gland occurred through the anterior facial vein, the venae comitantes of facial artery, the vein close to the Whaston's duct (the hilum vein), and seldom drained to external jugular vein and other veins. Conclusions The anatomy of SMG is a complicated structure. Determining the main blood vessels of the submandibular gland is very important to achieve a successful vascularized autologous SMG transplant.
eratoconjunctivitis sicca (KCS), also known as xerophthelmia, is a disease characterized by dryness of the keratoconjunctive as a result of focal or systemic pathologies. 1 KCS may lead to keratohelcosis, opacification and even blindness. It has been reported that the incidence of xerophthalmia is about 2.7% of the population in China; thus, affecting 30 million patients. The current therapeutic approaches are mainly symptomatic, and only in some mild cases satisfactory results could be obtained. Transplanting a vascularized autologous submandibular gland (SMG) has been an effective therapy for severe KCS, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] in which the saliva from SMG are used to substitute for the tears. However, during or after the surgery some problems are still encountered and remain as unresolved issues. For instance, the selection criterion of a vein to be utilized for anastomosis is difficult because of the anatomic variances in the veins. The epiphora may occur several months after the transplantation of SMG. Reducing the size of the transferred gland may prevent epiphora from occurring, but lack in the relevant research has hindered such efforts. The present study aimed to investigate the submandibular glands at the microanatomy level in order to provide data that may aid in guiding the surgical procedure and lead towards an ultimate solution for these problems.
METHODS

Specimens and dissections
Thirty adult cadavers (12 male and 18 female) were fixed in 10% formaldehyde and were investigated. After the skin around the submandibular area was dissected, the mandibular body and half of the mandible rami were removed from the cadavers, completely exposing the submandibular glands and external carotid arteries at both sides. As a result, 60 submandibular glands were further anatomized under the surgical microscope. The arterial and venous innervations of the submandibular glands and the stereotypical position between the arteries and veins were analyzed. In addition, the lengths and diameters of arteries and veins of glandular branches were measured using sliding caliper.
Statistical analysis
All statistics were carried out using SPSS10.0 Software. Comparisons between variables of male and female blood vessels were performed by t test, and P less than 0.05 was considered statistically significant.
RESULTS
Arteries of submandibular glands Domination of arteries supplying submandibular glands
The blood supply of SMG was mainly derived from the facial artery and submental artery. Meanwhile, the arterial branches to SMGs could also be derived from external carotid artery, lingual artery and deep lingual artery concurrently and alternatively. The detailed domination of arteries was presented in Table 1 .
Glandular branches of the facial artery
Three kinds of spatial relationship were identified between the facial artery and SMG. (1) The facial artery arose from the external carotid, just slightly superior to the greater horn of the hyoid and lower border of the posterior belly of the digastric, and entered the cortex of SMG from its posterosuperior part. (2) The facial artery stemmed from the external carotid, arched upwards to the superior part of the SMG from the lower border of the gland, ran along the groove of the one thirds of the superior border of the SMG, and meanwhile spinning off the arteries to the gland. (3) The facial artery ran around the posterosuperior part of the SMG, passing along the lower border of the gland and the mandible. Instead of extending to the gland parenchyma, it gave rise to a large and short branch to the gland. The trunk of the facial artery frequently gave off 1−3 branches.
Branches of the submental artery
The submantal artery arose from the facial artery before it turned upwards to face with its branches, and always entering the submandibular gland from the anterior-inferior part of the gland. Interestingly, on one hand when the branches of the submental artery appeared strong enough, the branches of the facial artery on the other hand would appear always weak or absent.
Branches of the deep lingual artery
The branches of the gland arose from the origin of the deep lingual artery at the level of the anterior superior of the hypoglossus muscle and ended deeply inside the gland.
Branches of the lingual artery
The lingual artery released branches when it passed through the hypoglossus muscle and entered the gland from the inferior side of the gland.
Branches of the external carotid artery
The external carotid artery directly sent branches into the gland, and continued around the posterior part of the gland, and entered it from the posterior border of the gland.
Veins of submandibular gland Venous drainage from submandibular gland
The venous blood of the SMG was drained mainly into the anterior facial vein, hilum vein of the gland, and venae comitantes of facial artery. We also found in this study that it could be drained by the mental vein, deep lingual vein, external jugular vein, and anterior jugular vein. Few veins were connected directly to the gland's venous blood and the internal jugular vein. The details listed in Table 2 .
Gland vein from anterior facial vein
This vein was the main outlet of the venous blood in the SMG. Always it appeared strong if there was only a single vein passing through the gland, with a diameter of approximately (3.5±0.8) mm. This vein could also be formed by uniting two or three little tributary branches originating from the gland (Fig. 1) . Interestingly, the gland's vein of the anterior facial vein may be absent if the venous blood of the gland was collected by the external jugular vein and the anterior jugular vein (Fig. 2) . The anterior facial vein usually narrows when the venae comitantes of the facial artery and hilum vein were wide.
Hilum vein
The appearing frequency of this vein was the highest among all of the draining veins in SMGs. Most individuals had one or two hilum veins (Fig. 3) . This vein ran alongside the gland's duct. It entered the sublingual gland when approaching the gland, and collected the venous blood of the sublingual gland or communicated with the lingual vein and sublingual vein.
Venae comitantes of facial artery
In general, this vein accompanied the corresponding artery and passed through the superior part of the SMG and its morphology appeared consistent among individuals. This vein appeared single or double, with an average diameter of (2.0±0.5) mm and (1.2±0.3) mm, respectively.
Gland vein of the anterior jugular vein
The gland's branches that opened into the anterior jugular vein were observed in 4 cases. However, no branches communicating with the anterior facial vein were noted in these 4 cases.
Gland vein of the external jugular vein
We found in the present study that branches of the SMG Fig. 1 . The branches of the anterior facial vein. The SMG is shown by blue arrow and the branches of the anterior facial vein by red arrow. Fig. 2 . The branches of the anterior jugular vein. The branches of the anterior jugular vein is pointed by red arrow, the anterior jugular vein by green arrow, the external jugular vein by blue arrow and the internal jugular vein by yellow arrow. Fig. 3 . The hilum vein. The submandibular gland is shown by blue arrow, the sublingual gland by yellow arrow, the hilum vein by red arrow and the mylohyoid by green arrow.
vein are anastomosed with the external jugular vein in 12 out of the 30 cases that were dissected. In addition, the venous blood of the SMG was drained by mental vein in 12 cases and deep lingual vein in 2 cases, respectively. The venous blood of the SMG demonstrated large variability in the submandibular triangle. Usually, the anterior facial vein and the posterior facial vein merged into the common facial vein at the level of the great angle of the hyoid bone, and then injected into the internal jugular vein. However, the anterior facial veins did not merge into the posterior facial vein in some cases but rather they directly connected to the external jugular vein instead. The anterior facial vein is often narrow or even absent when the venae comitantes of the facial artery and the hilum vein appeared wide.
All the numerical data belonged to normal distribution. No difference in the arteries and veins between males and females was found (t=0.871, P>0.05).
DISCUSSION
The blood supply was stable in SMGs and it was mainly undertaken by the facial artery. The facial artery could directly enter the gland or gave off small branches to the gland. In the meantime, the submental, the lingual, the deep lingual and the external jugular arteries also contributed to the blood supply of the gland. These results were consistent with the previous reports. [13] [14] [15] Yu et al 16, 17 reported that the blood of some transplanted glands is unable to circulate because of the obstruction in the gland's vein of the autogeneous submandibular gland. Specifically, the surgical failure is mainly because that the anterior facial vein does not collect most of the blood from the transplanted gland, although it is anastomosed with the superficial temporal vein. So, the outflow method in the venous blood of the SMG is much more complicated and variable than that of the artery. The SMG venous blood, in most individuals, is drained mainly by the anterior facial vein. Since the anterior facial vein is thicker and longer than the other two major outflow veins of the gland, it appears much more superficial and easier to be separated and protected during surgery. As a result, the anterior facial vein is usually the first choice for the vein anastomosis during transplant of the submandibular gland. [18] [19] [20] It has been noted that the anterior facial vein may not be the main outflow vein of the gland because of the anatomical variation or absence of the vein. In this present study, we found that in 4 cases the anterior vein is joined by the posterior facial vein to form the common facial vein, and then opened to the external jugular vein directly, while there was no collection of SMG blood. The anterior facial vein may be weak thereby not undertaking the main outflow vein when the venae comitantes of facial artery or the hilum vein is much stronger and wider. Our data showed that the position of the venae comitantes of facial artery and the hilum vein were always stable and consistent among individuals. The hilum vein appeared as two vessels with similar diameters corresponding to the SMG duct. This vein can enter the sublingual gland and collect its blood. The venae comitantes of facial artery corresponds to the facial artery and is spun off from the superior and posterior part of the SMG; thus, collecting the venous blood from several gland's branches. However, these veins are always thin. Surgeons are required to be highly experienced when these veins are used for anastomosis during gland transplantation. The venous drainage of SMG is quite a complicated process. Therefore, determining the main drainage vein of the SMG is very important for successful transplantation of vascularized autologous SMG. These three main outflow veins of the SMG remain connecting with each other and form several small communicating branches at the surrounding gland, as previously reported. 18 Caution must be taken to protect these vessels from being damaged during surgery in order to maintain a reasonable vascular structure for transplanted gland, which is essential to improve the operation's success rate.
